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Pr e- ac e

The purpose of this study was to develop a derivative

of the Cost Oriented Resource Estimating (COPE) li-ie cycle

cost model that calculates operational availability in

addition to costs. The availability output acts as a

measurable surrogate for supportability and facilitates

caxnparison of alternative weapon system designs.

The impetus for developing a modified model stems from

a general difficulty in evaluating supportability in new

weapon systems. We understand performance, cost, and

schedule and we can measure those things fairly well.

Supportability, on the othet- hand, is not as well

understood, nor is it easily measured in the early stages of

system development.

My appreciation and thanks to my advisor, Lt Col John

Long and reader Mr. Roy Wood. They were helpful , patient,

and made ttlis experience inreresting and satisfyin9. I also

found the advice and a,.iFtance 0o Don Breidenbach and Lt

Dan iel1e Rodgers o4 the Li fe Cycle Cost ManAgernent D)ivision,

H10 ASD to be cruc ial to the development o+ the me thodology,

f7 r •_ ,h •,k CK F: . , i



0

Table of Contents

a

Page

Preface . . . . . . . . . . . . . . . . . . . . . ... .. .

List of Figures ...... ..... ....................... v

List of Tables ..................... ...................... vi

Abstract .................... ......................... vii

I. Introduction .................. .................... I

Overview .................. ..................... 1
Definitions .................................. 5
Background .................. .................... 9

The Air Force Acquisition Process ..... ....... 9
Literature Review ........... . .......... .. 13

Research Questions .......... ................ 17
Research Objective .......... ................ 17

1I. Methodology ............... ..................... 18

Orientation to Subject Matter ................. . .18
Model Analysis ................ ................. 19
Applications Analysis ......... .............. 20
Impl icatio, ns and Conclusions. . ......... 2.22

I II. Model Analy-sis .................... .................... 23 3

Modifying The Models. ...... ............... 23
The Models .................. .................... ..25
The Ligistic Support Cost (LSC) Model ... ...... 26
The O, st-Oriented Resource Estimating

(CORE) Model ..... . . . . . . . . . . .. 27
CORE F. . .'-

CORE F Variable Combinations ........ ........... 3

Ik-.) App icat ions Analysis . .... . . . . . . . . .4 . . ....

Su. .a.r .../. . .. ..

Fi n•i I ft)• and Con(c Iw on' .

rI ,t nj .



Page

Recomrmendations . . . . . .. . .. . . . . . . .. . 55
Areas For, Future Research ... . . . . . .. . 5 .6

Appendix A: Variable Lis-,t ................ ................. 59

Appendix B: Input Values ............. .................. 64

Appendix C: Equation List ............ ................. 69

Appendix D: Calculations for Replenishment
Spares .............. .................... 72

Appendix E; Calculations For Maintenance
Manpower Requirements ...... ............. 81

Appendix F: Calculations for Operatioral

Avai I abi ity ............ ................ 85

Bibliogr-aphy .................... ....................... 88

Vii. ....................... ............................ 92



List of igures

Fi gure Page

1. Total Cost o-f Ownership . . . . . . . . . . . . .. 10

2. Major Weapon System Acquisition Proces ...... 12



List ofT l

Table Page

Operating and Support Cost Elements (Aircraýt) . 16

I. The ILCC Models Surveyed by Gardner ......... 20

III. Data Selection Criteria ..... ............. .. 21

IV. CORE F Output Factors ...... .............. .. 29

V. 'The Alternatives ..... ... ............. 44

Vi. Stock Level Results ...... ............... .. 45

VII. Pipeline Spares Results ..... ............ .. 45

Vill. Replenishment Spares ($/yr) ........... 47

IX. Replenishment Spares/Flying Hour Results ($/fh). 47

X. Maintenance Manpower Results .......... 48

XI. Maintenance Manpowev Costs ($/yr) ..... ........ 48

XII. Operational Availability Results ... ... 49

XII. Sumnary Cost/A Data............... 52
0



Ar1lT/GIIJ'W/Lc•I/84 S- 1 9

In recent years, interest in weapon system

supportability has grown tremendously. Coupled with this is

a complementary emphasis on life cycle cost analysis, Both

arise from a concern that weapon system ownership costs are

extraordinarily high and that improved understanding of

supportability issues and their effect on life cycle costs

can result not only in dollar savings, but also in increased

systesm readiness .nd capability. These considerations led to

development of a methodology for ccmiparing ownership costs

and supportabiiity that enables Program Managers to more

easily evaluate design trzdeorfs. 1'.-e methodology involves

use of a modified life cycie cost model that yields as

outputs both relative cost and supportabil i t/, where

opePational availability acti: as a measurable surrogate for

supportabil 'ty. The modified model uses the DOD's fAIG

approved cost element structures in an attempt to use

co-./ av l.abi 1ii ty output in -upport of Defenst Svy trc s

04qs iS tOFn Rv ew ouncii (D$3ARC) mi lestone;. The

m• t h Odo ?gy I s )p l-l i ed to a Sk•,mp ci l" ta ase from the H1-I- 600

'atN



A F'5Wf,,HER EXAMINAT'I ON OF OPERATIONALL icv4AILABILITY

IN LIFE CYCLE COST MODELS

In recent years, interest In weapon system

supportability has grown tremendously. Coupled with this is

the complementary emphasis on life cycle cost analysis. Both

arise from a concern that weapon system ownership costs are

extraordinarily high and that improved understanding of

supportabilit> issues and thoir effect on life cycle costs

can result not only in dollar savings, but in increased

systetn rnadiness and capability as well.

This thesis is an extension of an earJier e-ffort b.',

Captain Thurman Gardner entitled An rLtLt f_

oEAt-Qina L eyi-Avi' A12_i1i-Ltln- 1fii. -te 9t22 nod-_-_ I in it,

the author demonstrated that operational availability

rmnasures cat be used as a surrogate -for supportabil i ty (in

that if the system is available, then it is supported) and

that operational avai labii ty could be incorporatrd into the

Logistics Support Cosi (L.SC) Model to give •c•nparative

A ai I K- and cR4 la; coSt% as otputs. He eaScned ¾ at



better weigh supportability and cost issues during the

weapon system acquisition process. This *4fort will attempt

to further validate the us* of operational availability as a

"supportability surrogate, and will apply availability to a

model that, unlike the LSC variety, uses the DOD Cost

Analysis Improvement Group (CAIG) approved cost element

structures. The model to be used is one rejected by Gardner

as difficult to modliy; the USAF Cost Orietted Resource

Estimating (CORE) Model.

How does availability relate to supportability and the

acquisition process?

Operational availability in wartime is a necessary

requirement i4 the United States Air Force is to

successfully project airpower in support of national

objectives. Not heeding this principle c-an have unfortunate

consequences. The Korean Conflict provides the following

nexa p I i :

Initial Provisionvng for the F-86 was based on
peacetime consumption rates. ilence, the 51st Wing's
unprograTmmed conversion tco F-86E's severel/ strained
logistical support. By Jariuary 19¶i), 4•3 per-cont of the
war comi tted F-86A and E +iqhters we!.• out ,34
commissionl for want a+ put rts or maintenance. The-ater-
supplies ot extei-nal fuel tanks, without which the
range limited F---8&"s were badly hand .:apped, :so were
nearly exhausted. 'Peter Rabbit,' a cr'ash project for
ouying a i year supply of al l urre*ntly nv*ded itevnrs
solk'ed most of these problen, but it took ýioveal
months [!2 . 50 .

By no-ý means erP I or -An ra .

voronlein d:ý the f-ý- <i'ie- -0 oýý4-r~~rt~d -



&ncvmnission rates were experienced by peacetime fighter

units stationed in the United States. Supportabilit>y

problems iike these repeatedly arise* not because the Air

Force fials t- learn from history, but because, during the

weapon system acquisition process, performance and

supportability r.-iteria must be weighed against constrained

and uncertai4i funding.

Unfortunately, as the process goes on, supportability

cr teria often "lose out" in the budget fight with

pirfoarmance because of uncertainty about supportability%

what it means, how much is enough, and how much it really

costs. Understandably, program managers have difficulty

balanciog life ,ycle costs and -zspportability against the

requirement to produce a capable system within time and

budget constraints. As a result', support equipment,

manpower, spare parts, and a huat of other logistics

ele;n~nts can fail to get the attention and funding they

des•erve. Ultimately, underfunded operations and support

factors can drive downstreamn costs for the deployed weapon

system beyond planned levels. The resultino dollar costs are

enormous, but costs are also +elt in terms of overstre'ched

manpower and lcow operational availability°

Srxs tecii readliness is iot: 'Jriv r b), suppor t -ka: o

av I e I s

gd ea i t at ao'~ It 4q, . It ow *~



caonot necessatr i I y be caaopensattd for w i th more too-.l %,

higher manpower lNvels, or more money. As Northrup's

chairman and chief executive officer recently noted,

... too many of our current weapon systems require
extraordinarily costly logistics support, and even with
such support they still are not capable oi sustaining
their performance during an intense or prolonged
conflict [ll13J.

Underfunding those acquisition activities that preclude

these design problems can also drive downstream costs. The

program manager then must concern himself with injecting

capability into the system's, logistic support structure and,

thus, optimizing a supportable design while at the same time

minimizing life cycle costs. He can succeed only through

appropriate design tradeoffs, but, again, uncertain

visibility with regard to supportability requirements in the

life cycle costinq process can render affordable supported

systems an elusive goal indeed.

The problem, stated briefly, is to find a way to reduce

uncertainty in cost/supportability tradeofrfs. A current

weakness in life cycle cost analysis is the difficulty of

real istic;)y eva)uatinO suppor tabi I i ty. If suppor tabi ity

can be soundly' detined and quantified in a way that takes

intoc accouiot the mnany fa, toes tha t cran plague dep 1 Qved

operations, t~hen uncer-taint-P in crt-)1/suppsr tab hiy1f'

t dflt 4 s shvkul dI 'ler I a~ VA -, 1t T I (i t t~t uf(I tV f- A*



much supportabii ty he af she is. getting and what it wiIl

cost.

De+ i 2i t i ons,

Defining supportability is not vasy. D)OD Directive

5000.39 defines it as foillnqs

Su.Rrt&.i_[Ltxj The degre- to whc'ti ,w•ýten, design
ctharacteristics and planned logistics resotirres,
including manpower, meet system piacetime readiness and
wartime utilization requirements (23:2-21.

DOD Directive 5000.39 also de+ines th# system readiness

objective in terms o-., among other things, oper.ational

availability.

§Žrem Redines0 t i 2..v±e_; A c•ike••rion for assessing

the ability of a system to undertake and sustain a
specified set of missions at planned peacetime and
wartime utilization r.tes. System readinoss measures
take axplicit account of the effects of tsystem design
R&H. thei characteristics and performance of the support
systfm 1 and the quantity and location of support
resources. Lxamoles oA %ystem rtadiness are combat
sortie r.ate over time, peacetime mission capable rate,
operttional avai labi I ½>- and assot ready rate, (23:2--
31.

A useful reference wat, preovided rccent1: by Mohr and Coirner

116:33] who acknowledged ;.:jst constrairnts while stating:

"Supportibi I i ty is synonymous wi th econcF)n cal 0 y su ,ta I eabtI e

tksa - o s suppor s: A Iite to the e:o ert that



i t's operaotional use can be sustained at an affordable

cost.' Mchr and Corner distinguish between what is

theoreatically achievable arid whAt is ecoromical ly

sustainable. They point out that acquisition st.rategy ofiten

Iaocuses on the theoretical ly achievoble whi le i t fai Is to

cross the bridge to practical requirements (economic

sustainability). 'It ;s not theoretic2,,• uower, but practical

(useable) pAner that counts. To be effective weapons

systems must be kept useable -- rmust be kep- operationl.)

[16:333." Mohr and Corner look to the various availability

measures as the key to reaching beyond theoretically p

achievable and achieving economically sustainable, or

,supportable, weapon systems. This kind of reasoning leads

one to conclude that a close relationship between

supportabilhty and availability may be reasonably inferred.

From the Cmnpendium o.f Authenticated Systems and

Logistics Ternms: De-fini tio ns and Acrornyms [17 811, comes the

$o loxwing doe.{iH'ti tion:

Av aiIbiJ it i s a measure of the degree to which an
item is in the optrable and ccwiwi table state at the

atof the missi on) Lhen the mis~si on i s cal led for at
an nnýntc'n" n (raindon) time ( inherent avai ab I i ty) ýMIL,-,
ITED-ZZ IB/'AR 705--50). For' OT&E purposes, availability is .

,:or, 5idered synonymous tnt th operati i onal readi ness, k,-.iRFS. . ... f ', -7-

A0-!4,1F E• d-T)""
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IB arnchard (4: A6I describe s three treantments of

availabi I i ty.

I. Inherent AvailabiI i ty:

S MT'F + rr'R

Where

Ai is inherent availability

MTBF is moan time between failures

KY-TR is mean time to repair

MTBF accounts for failures for which a contractor could be

held legally accountable. KTTR includes only those

unschiduled maintenance actions, or direct, active

Lmaintenance time, needed to restore the failed item to

, operational status. Not included is l-ogistics delay time.

Scheduled mainteranc. tasks are also not included.

2. Achieve(: Avai labi I i tri
Aa (2>

m1T6" + M

Where

M-•a is achieved avai iLabi 1 i t>

MiTEi'1 , meax timP between ma lbten anc t

NI~~~~~~~~ r~ n&tea rvl t e C c& n l)uann e n'1 'c

t u & 't" v- r + r'l'n +rr. * , ii v +At½} +%rjts -o <:+ k+



types of maintenance actions. Acr•in 7 logistics delay time is

not included,.

These two terms, inherent arid achievable availability

are objectively measureable, contractually enforceable, and

are expressions of the "theoretically achievable" that are

used when dealing with contractors E16.341.

Unfortunatcly, these term's Achilles heel is the

-failure to ;nclude logistics delay time. This factor

accounts for supply delays, work stoppages for lack of

manpokwer, tools, facilities, POL, and any other of a myriad

of factors that cause systems to remain inoperative when

they shouldn't be. In order to achieve the %ecoaorically

sustainable" then, we must look at another definition of

availability.

3. Operational Availability:

A0 = MTB#1 (3)
MiTBM + MDT

Where

Ao is operational availability

MDIT is mean maintenance downtirne

KT Btl is mean time between maintenance

Ml)"f is the factor that includes the less-than-,icieal asptcctý:t

oF the. i,e a I w r I ( • , logi s t e ri -onn en T i eqkia t i on doee

;A3 cl a; k I Me a n ah (IFn dAn f @, ý f t uo( I SA 'I, Lt' es aud mianp*--Mjs I t

+ 'r P k, c (tIti der'a 1, V P ru oi se dsue hn i h I iw-htf the

5-0



If operational availabil ity measures the 'sustainable"

in "econcxnical ly sustainable" then measurement of the

.economical" is done through life cycle costing. Air Force

Regulation 800-ilt defines life cycle cost as

"the total cost of an item or system over its full
life. It includes the cost of development, acquisition,
ownership (operation, maintenance, support, ect.), and,
where applicable, disposal" [19:1].

The LCC approach to costing came out of rising

concerns during the 1970's that ownership costs were, in

some cases, fat' in excess of development and acquisition

costs. (See Figure 1.) Clearly these costs had to be

brought under control. Whiie earlier concepts within the

design to cost framework focused on development and

acquisition costs, L.CC went further and allowed program

"managers to consider downstrasn operations and support costs

as well. AFR 800-11 also defines the purpose of LCC: "The

use of life cycle cost is not intended to make minimum cost

the predoinin ant factor, but to insune a proper balance

between cost and system effectiveness [19:21.7

SBaCK 9F, oun-d(

-The Air Force Acquis t on Protcess. 1he backdrop for

t h ~ Ki 5 ~ 5C1s ý the'I(% acj ii~lt of1 W ~ 1t'l. h ~l
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the process coanists o6 4:our phasets: concept exploration,

demonstration and validation, fuli sc-ale development, and

production and deployment. (Sac Figure 2.)

The concept exploration phase begins with a need

developed dur ing the requirement4 determination pr ocess.

This need, articulated in a justification for major system

new start (JWtIS), goes to the Secretary of Defense, who

issies guidance through the Program Decision Memorandum

(PMD) and who authorizes the acquisition conmunity to

proceed.

During the concept exploration phase, initial studies

re :conducted to determine operations and maintenance

concepts, costs, schedule, readiness objectives, and

affordability. These items are included in the system

concept paper (SCP) and are evaluated at Milostone I by the

Defense Systems Acquisition Review CouncHl (D9ARC). A

decision to proceed at Milestone I authorizes the Air Force

to enter the demonstration and val idati on phase. Now t.•e

system is further defined through testting aind study unti I

Hilestone ••.

If there is a decision to proceed, then the fufl scale

Oevelopment phase begins. trhe System prototype is built and

tehted. (In samne cases, u 11 scale develIopment is started
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beforve Milesto-,k I I. The inkntion in such case#s is to

better define acquis *icn objHctives befnore major resource

appi tcat ion incrn,ý&es occ.-ir.) (3y, thv enod o-f the fullI scale

developmert p1+e 4ts ytýtern ,,s ready for production and

deployment. If '1ets1'gc and c thr'rn-vm-Lds have not bean

exco40edo tlhn the doploym,7nt r-An proceed based on the

M Milestone III decision of the C)ir C:Wrce Systems Acqu isition

Review Councii.

Utcflu tt fEn w. Guidance on the use of cost

analysis is found in DODI 5000.2. At requires that cost

information be submitted to the DSARC for use in their

decision making:

Cost effectiveness analysis foIL, all major acquisitions
shall be performed by the DOD components to support
milestone I and milestone IA, and shall be provided to
the Diui ctor, Pr:ogi am Analysis •vtd Evaluations, along
with the draft SCP ... [22:51.

DODD 5000.1 also addr#sses the issue o-f life cycle cost

p planning and it'a-s relation to operational eff-fctiveness,:

A cost effective balance must be achieved arnong
acq~iisition co--st cmnership costs of major systems,
and sxs•, eftfec tý.eness in terms of the mission to be.,
pperformed [21 "3l,

DOD Direpctive 5060.1 describes s.ie oth#r basic of

the process:

rfAV o__ r p , 1ia n'

("i f th-l" AC u i on or o e ri. 0 -k,::k-f



achieve readinkes•wi I I receiv,, the same emphasis as
those required to a,,c.hieve schedule or performance
objectives. As a inanaqement precept, operational
sustainabi ity of depioyed weapon sy,,stems is an
objective of equal importance with operational
eýffectiveness (21:2¾,

Cl•r•aly, the emphasis on the readiness objective moves

supportability issuep, to the Upper end o4- the progr.,m,

manager's list of priorities. In thf; past, program managers

weve evaluated on their ability to meet performance and
S

schedule objectives while developing new weapon systems. As

costs rose, more and more visibility was given to ways to

control acquisition costs and keep systems affordable.

Today's fiscal constraints force the acquisition catmunity

to protect funding for readiness and support of new systems

and to seek ways to control downstream operations and

support costs (synony•mous with cmnership costs) through the

consideration of life cycle cost. Expensive weapons sinply

cannot be procured in large enough numbers to allow sone to F

sit around in an unserviceable state,, Support and readiness

affordability issues t'-len, must be addressed ane are

procinent in the pages o.4 DODD 5000.1.

If operational avai labil i ty can be conib ned with a Ife

cyc I e cost mocde I , then a program mfanager. shoLu! d f nd the

resutIf ti outpuit data .s& eul i n asse ssi rig the uH 1kuir'e

A n e o •, FO. .,,



operational availability as an output. Socie clearly could

not be modified because the models could not accept input

data to match any availability equation. Otheris were

considered workable and Gardner finally settled on the

Logistic Support Cost (LSC) Model as the easiest and most

stra i gh t forward.

While he succeeded in showing that operational

availability can be a useful term in analyzing cost and

design tradeoffs, the LSC Model has a significant

shortcoming in that it does not use the approved cost

element structure for aircraft put out by the Cost Analysis

Improvement Group (CAIG) in 1980 (Table I), The cost element

structure was standardized in an attempt to deal with the

issue of comparabilit'y in life cycle costing. tecision

makink is di-ficult when various models use different kinds

o+ data and generate output that cannot be easily comparecd

As a r,.sult, the LSC Model is not real .y as u-eable (as . is

the Cost Oriented Resource Estimating Model for example) in

any attempt to reduce uncertainty fur-ther through the use of

ooerational auailabi ity because it"s output cannot be used

in the DSARC process.

Gardner retjected "he CORE rlodtr as di+-f+ -aui t - ) wc, k

With, but >jnsidered t' ueabie: Fcus*ver, thi e{rt Wi1

CC 'C iti A te onl the ~ ('lF r,,o~l bc,±'IJýi& t Lz



Tabift I

Operatin9 and Support Cost Elements (Aircraft) (2:91

* .l ~iOPERATING AND SUPPORT COST

UNIT MISSION PERSONNEL ;NDIRECT PERSONNEL SUPPORT
Aircrew Miscellaneous Operations and Maintenance

Military Medical O&M Non-Pay
Maintenance Permanent Change of Station

Military Temporary Additional Duty Pay
Civil ian

Other Unit Personnel DEPOT NON- INTEN&iNCE
Military General Depot
Civilian S3econd Destination Transportation

ttUNIT LEVEL CONSUMPTION PERSENNEL ACQUISITION AND TRAINING
* Petroltum, Oil, AcQuisition

& Lubricants Individual Training
Maintenance Material
Training Ordnance INSTALLATION SUPPORT PERSI+t$44EL

Base Operating Support
DEPOl LEVEL HAINTTEW4CE Military

Airframe Rework Civilian
Engine Rework Real Property Maintenance
Component Repair MiIitary
Support Equipment Civiian
Software ted i c a
Modifications Military
Other Depot Civilian
Contracted Unit

"Level Suppori

SUSTAINING I14E5t?1ENT
Replenishment 3pares
Rep Iatenemet *. ppor Ejugpmfend

Other Recurr ing Inrvestment

S



airicr-aft cost element structure, to further validate the

utility of operational availability in reducing uncertainty

in LCC analysis.

Rn±~jrsh Quest ions

I. Is operational availabi' " a suitable skirri-gate for

supportability when used iw, LCC analysis?

2. Can a l ife cycle cost model that uses the CAIG approved

cost cleriment structure be modified to give cost versus

operational availability as an output?

The .-esearch objective is to examine ho operational

availabilitv, representing supportabilit y, can be

inicorporated into a s uitably, Ii cyxfl1,e cost model in order

to provide us.-f, ckcnpar i sort data to the pro(gram manager.

The ov~eral i puirpose uf sutch out put data i's tompro.uti the

vis~bi I i ty cf stipper tabil1i tx issues ýn thc, docisi oit -nVktý-.

p rot'.e,-s.

I,

'4



II. Methodology ½

Tlhis chapter provides an overview of the specific steps

taken in this project to solve the research problem. These

steps were des i gned w i th the intent of reaching a correct

sound conclusion.

Orientation to §ujtt bAtter

The first step, as in any research project, was to gain

an appreciation of the subject at hand. This was

accomplished throkgh a systematic review of various sources

of literature to include general artlc;es, DOD publications,

textbooks and unpublished research manuscripts. Berause

this project is a follow on to LSSR 57-83, 'An Examination

of Opep ational I Availabiiity in Life Cycle Cost Modelsthe

orientatisn process was greatly simpi ified.

in that earl i er ef ort the ku thor had sough t aO

in.,eased unuerstanding of the major ccanporents h- is

rhn;search, a'arohlahil ita Ihife cycle costino. I' n add > i On

lb i -tdu thor brouqh t -in a ch r~d term,¶ skippor t ab: I x t n V

or-der to (t-rgt.)4des-nd g o tl~e ink be tvteJC~fi t ct l

ao~ LIa) I Y . hi I5 sati sted ie io< nc~w 'ts n



The second step of this research was 'to identify the

snortccxnings of the Logistic Support Cost (LSC) moodel and

select anothei- mode] that met applicability criteria and

overcame the LSC modelm shortcomings. The objective of this

analysis wa% much like Gardner's: *...to find a model that

could specifically address availability and evaluate the

impact of design changes with respect to system availability

and costs [7:15Vu.

In his anaiysis, Gardner f7:15 l isted three major aereas

of concentration in his applicability criteria=

I, Which o{ the ,phases o- a system-' s i fe i s th model
directed at?

2. Does the model evaluate, estimate, or, u'ýe
w4availIab iIi ty and./or RUI p ar ame tors?

3. Can the mode, l be adapted to ematuate avai iab i i tY?

There were five modtis consider..d by Gard-er (Table H:.

Those saLm* five were briefly considered gkain her*e,, >not ý.a

intu~re cr-iterion was Pualua'tod:

4 Does the!, model I i; e t t' AI ýrv I U TYV 7I"i

As starttý ! before, týv I-Sk A~< d;< o

Lo ; Ic. vi tti A'X:e i4 V nS bý
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T'he [-CC Models Surveyed by Gardner r7:14J

1. Cost-Oriented Resource Estimation (CORE).
2. Developmtnt and Produc ion Costs of Aircraft

(rAPCA).
3. Logistic Support Cost (LSC).
4. Logistics Comnposite (LCW1).
5. Programnmed Review of Informition for Costing

and Evaluation (PRICE).

Gardner also noted that the CORE model would be

difficult to adapt to meet this objective. Help came in the

.form of another model that had not yet been released for,

general use. The Initial Support Insestmpnt And Operating

And Support (O&S) Cost Model (also kncin to its de,,lý0opers

as CORE F) brought with it two qualities that eased CORE

adaptation considerably. It uses the rame basic vz.riable

.istructure as LSC, and it uses the CAIG approved cost element

structures. As a resul t, the CORE F model] meets all o -f the

Appl icability cr iter ia I i.S tec in both {ear-dner-'s research

effort a ith One. inrever s gouAtputsz cos h t me

h f+ e u! •,or t•ALWC 2 I slrc + I I IC pr or ,'j de eS

nridge ue 1-1,3C I n d L.;



_oprational avai labi I i ty as an V ttitf)pt] This would begin to

satisfy the second research question.

Modification of th@ CORE F model required several

actions. Selected cost elements had to be built into new

algorithins to incorporate operational availabi1i ty nto tihe

madel . Both the selected cost elements and later, the

iigorithms were checked wi th LCC analysts to confirm

validity,, Test data was gathered and run through the

algorithms as a further, checK and then adjustments wore made

as they became necessary. The ground rules that Gardner used

to select the data were good ones arid so much of the same

data base was used acain here (Table I1U).

Table III

Data Selection Criteria

1. Se i e-:•t i on of data. fri•x rombi t systems was stressed
bzcaus: their readiness or avai labillity was assumeo to
be mor-e cr itica! than non ccxrbat s>stems,

2ý, The ( :a oeecAed uas fro.m the .kgbIystem evel
r atl")er an fi cm the ent ire system (or ,s'nd i tem) level
in order t c-,ni irnpq iify the c miputations V;h e, still
c c .mp I a sh h nq e r ke s e ea r' c h ob) ec t i v e

I . PAUI H a A kA; e prJ C s e d fn ope t i on-i a-te4 ter S W, rve 'e
poqno i nce (.,)na i 'neI v-a! kies nir I u de tn c rb' e



r 7" .-7--v 7 r - r ~ -. - - . . , , . .- . ..

ir

FinallI, a demonstration run was made of the modified

CORE F model using the data used in the modified LSC

anailysis. "-htis demonstration was not• intended to second

guess decisions made in any program, but to shfw that the

modified model is useful. Drawing any 'real world"

conlusions +rom these computations is risky in any case

because of some data base limitations that are further

explained in Chapter 4.

ImRI ictipn and Cg! ion$

Modifying the CORE F model and using it and the

infortuation and data collected in a sample appfication

answered the research questions and met the objective. Based

on the implications and conclusions, areas for further

research were identified.



In his earlier effort, Gardner addressed the issue cof

incorporating operational availability into the LSC model.

He took reliability and maintainability factors -from the

existing LSC input list and applied them to the foll'oawing

equation for operational availability [7g261:

AO OT+ST
OT+ ST+TPti+TCM+ALDT (4)

'$here

OT. is operational time

51T is standby time

TF•M is total prev'ntative maintenance time

TC? is total corrective maintenance time,

ALDT is average "logistics delay time

Remembering Blanchard's equation give" in Chapter 1, note

that

r8am OT + ST (5)

and



ID- T'PH + TCJ" ALDT. (6)

The author took the availabil i ty outpu t frcm thi s

equation and mer'ged it with th', LSC cost figures to come up

with a new measure for competing components. Instoad of

measuring the difference in costs ( Ac) for different

components, the new measure was the change in availability

per change in cost (or AAa/Ac) [5]. The program managers

who use this kind of information could now make informed

judgements regarding the tradeoffs between cost and

supportability 17:51J.

Of course the LSC model's limitations, as mentioned

earlier, do not allow use at DSARC milestone decisions. The

obvio;is solution to this problem is to similarly modify the

CORE analysis to include operational availabilitv.

Unfortunately the CORE input +actors don't readily fit the

equation for operational availability. The input l ist for

the CORE model has to be expanded.

Part of the solution lies in a new LCC model deveioped

recently by cost analysis experts at Aeronautical Sy>tvms

Division 15]. Called CORE F, this model takes component

level o•.tputs. frown LSC and converts them t)>- meas , of CUR's to

yoar~y system level inputs for CORE. An~ expaindePd toput

t"4,ibl , si.t W11 a l !I~ a modi f ied -C R F w~idel to do ttpa
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modified LSC can do now. The advantage gained is that this

anal ysis is done at system level, is year by year, and uses

the same *AMG approved cost element structures that higher

level managers like those at the OSARC would wish to see.

The Mode I s

In order to place the LSC and CORE models in

perspective, a brief overview of LCC models is in order.

These models are generally of two types: the large comnplex

simulations like L-COM, and analytical models. Analytical

models employ three techniques: analogy (estimates based on

nexpert opinion"), parametrics, and engineering (a precisE•?

approach that requires a deta;led data base). Models using

parametrics are characterized by the ,,se of cost estimating

relationships (CER's). 'These equations can be either factor

baseo (usuvally theseo {actors are chosen through common sense

or experiornce) or-k regression based (derived through a

statistic2a1 regress ion method such as ieast _:; qares,) [141.

finring Hý:fect s the use of these vaI-ous model tp.,peS.

Simulations and e-nqinee:"inn are generaly used in the later

acquisit ion staj,'s hec ause o-f their reed -for alarge

quantities of firmn data. This data .eneraflr beccwn-e

avail laMe weiI a,•lt,?r the conceptual phase when on an

dI Uk fK ~ ih A r r je L 4

~~ ,~~ir~t+Iý A1 ; ki-+ t 4II bi týz U



The Loci stic Support Cost (< SC' Model The L3C1 or

Logistic Support Cost, model is a factor baseci parametric

model that looks at operating and support costs o40rr the

life of a system. It sums logistic-s support costs over

eleven areas: [9:24J

1. Initial and replenishment First Line Unit (FLU)

spares cost.

2. On-equipment maintenance cost.

3. Off-equipment maintenance cost.

4. Inventory management cost.

5. Support equipment cost.

6. Personnel training cost.

7. Management and technical data cost.

8. Facilities cost.

9. Fuel consumption cost.

10. Spare enginies cost.

it. Software cw;t.

Both inputs and outputs are at -the coa•.onent ant
sutcomtponen t level. The input required, are ia. r' 1:9 t x t in !

and must be cgathered -foe each ciipotnen • Th i s ni cd i nLt

ger-a! ly used f.r syster eve analse Since kA) f C-v, r

caegoo iest deawi tb aredi-fr-nfo t-< tw YV

1oc4~~.s ~tt Cn 12 1 sz~a t-;ri tI tkaY, maw>' com o ol> f

boarci ad te An a- I. M. a af n.iir-' -K A' 3 > tKi



Th hhQ_ Ctt 0Q_±iqcted Resourck Est gmat i ng (CORE) to2elt.

The Cost Oriented Resource Estimating model, like LSC, is a

factor based paa ametr-ic model,, It, too, looks at operating

and support costs but, unlike LSC, looks at one'ý year at a

time rather than over the system's whole life. Also unlike

LSC, CORE is a higher level model that usrs system level

inputs and outputs. It also uses the CAIG approved cost

element structures (20:103,2:91. f;osts are calculated for

ri;ght areas: [9:1]

.i Unit Mission Personnel

2. Unit Level Consumption

3. Depot Level Maintenance

4. Sustaining Investmnent

5. Installation Support Personnel

-6. Indirect Personnel Support

7. Depot Non-Maintenanco

8. Persornel Acquisitio-n and Training

Neither model addresses the balance Oetw.en cost and

avai•ability (or any other ,•easure of system readines,:.).,

Poth address relative coits only.

CORE F. The Initial Suipport Investment and Operating

In d S.Wpo); t (0 0A- ) t t i o r (o re F, a l t t '

k. n cwi ri i& -.t in Uc f ýN I ci 3, t ot gr od ri d -r u I e •,( e d t -



9eneratod by CORE F are usod as inputs to CORE to compute

systems level estimates [AO:1]. Input factors are, in most

cases, common to the LSC model as well.

Core F computations cover three main areas that are

further subdivided a--. listed in Table IV.

To illustrate the link CORE F provides between the LSC

and CORE models, "'he replenishment spares calculations are

provided hepe with an explanation of terms.

First, the analyst computes the mean demand rate per

base (Xiti) for some first line unit (FLU) or line

replaceable unit (LRU).

(PFFHI<) QPA i)

(Mk)(MTBCi ) (7)

ti (RTSi (BRCT:ý + (NR'Si)(OST) (8)

wliere

is the i oiex identti ying each !RU

PF-Hk s peak mr n th I Y *orce f lxi ng hour s
in operational Year, k

is the quenti ty o-+ identical IRUs per
appi icaticr,

is th otm'vber i iac tiP D.-ses von-

ti nq houlr f or hŽ t h L Rk'



Table IV

CORE F Output Factors

1. Spares Equations

Pipeline Spares
Condemnation Spares
Training Equipment Spares
Peculiar Support Equipment Spares
Replacement Support Equipment Spares
Update Modifications
Reprocurement Data

2. Initial Support Investment

Training Equipment
Common Support Equipment
Peculiar Suppor' Equipment
Initial Spares

3. Operating and Support Cos;ts

Maintenance Manpcwer
Replenishment Spares
Replacement Scpport Equipr.ment
Depot Maintenance
So~tware Support
Second DePtin at ion Tr, ,,portatioon

M :



iKrs i• ihe fr-action of the ith L.RU removais
reperable at the base level

ORCT is the standard base repair cycle time
in months

NRTSi is the fraction o.F the ith LRU removals
not reparable at base level

OST is the standard order and shipping timo
in months

Note that QPAj, RTSi, BRCT, NRTSi, and OST are all common

input factors for the LSC model. Of the others, Mk and PFFHk

are constants, and MTBDi is used instead of LSC's MTBF (mean

time between failures). (In using mrBD, the model does not

consider on-equipment maintenance where no demands are put

on the supply system.)

The mean demand rate per base is used to calculate STKi

(the total number o+ spares, iacluding safety stock for a

gi~ven base):

STKIf, atother- LS• input +actor-, is then usmCc to calculate

pipeI i ne -parp at sv'\tJeff level usring tnt fel !cxJinq

q u at i orn

I,



Y F N
PS1 = (F Lk (STK1 )(UCi

Nj
W- (PFFHk) (,,PA2 ) (NWTS ) (ORCI) I.+ (UCi '..

C.__ trtB. ) (10)

where •

PSI is total cumulative pipeline spares cost
per operational year, k

Nj is the number of individual LRUs within
the ith 2-digit work unit code (WUC)

UCi is the cumulative aserage unit production

cost for the itii LRU

DRCT is the depot repair cycle tiýe in months

Fj is the -factor used to-calculaK, ;RU (shop
replaceable unit) pipeline spares.• dollar
requirements for the ith 2-.digit 61JC

is an index identifying e•ch 2-tligit WUC

Y is the number, of 2-diQit WUCs

PSk is used to compute the additional pip? ine spares

cost (APSk). 'APSk is computed as a er.Ies ci 4nnual

requi r*±sen ts wi th each year's reqýi i - v•e-n t t, iiuk the

additional (delta) spares :ost Feeded to sf.prt ,he

vncre&3--:ýc number of ah rerat t and tt--W psed~~c hour

program asor: J•ted w;i th wI4p½ s>ste~fl phaJ'- r £ :t iii

I, I ',

F j



APS-k is then used in conjunct io wi th other si. ii r4Py I Y

derived spares factors to calculate replenishment spares

cost per operat ional ye.w (RSR).

i H+- I4+1 K K K , 4

RSk = :APSSk + :APSNR + :CSSk ICSNk + :PSESK
kcl k-3 k-I k=3 K=H+ I

K H K
+ :CSESK + ;TESk + !RPLSESR (12)

k=1 K=H+I k=i

where

n
is n notation that identifies for each year, k,

I- KI the cost elemepts V ,At are to be added.

H is the last yc•:'ar of production.

K is thv end of operational life.

I is the fi-st year of deployment.

Ik nde'i for operational year.

APSSR is the additional pipeline spares cost kAPSk)
for stock listed 'S' items

i APR' is the additional pipeline spares cos'k (APSk)

for non-stck l isted "N' items

CSSI< iu, the annual condena, 'Pon sp -es cowlt for
%ta k 1 isted "S" i terui

I -•,•k is the aw,•tl condemnation spar-es cost for
non-stock A Vsted "N" i tems

asthe ann&a a - 1 Ccost1 15J p fu 0 Vr spot

equ i;m en nt t:'pa r e.

!,I
.o



TESK is the annual cost -for trairdinr eqtuprretnt
spares

RPLSESk s the annI'uAl cost. -ig' replacement support
equipment Spares

Repl en imhlnnt spar-es cost per f iyi ng hour i s eat'JI y

comnputed as.

RSX<

TrFH!, (13)

where

ThF-F4 is the total force fb'ing hour-s per
opiprational year, k, for all delivered
a i r,:rPaft

RSflHk, or replenishment spares per f1,'Knq hour, i-s ati

input factcor far the CORE mode] and corresponds to F40 in

AFR 173-13.

CORE F Var iablI E Conbinoira tons

nt-r tve -I V, i t makes i-evnýe Ahat if onri: in&

aVzit i ?I 1 t can be Ottr'i yed frrom LSC flpU ts, t.,; 5ir~t a m

dý be b I o t'he !.JRL mo1de I usring (C RE

I"P F'--~p t- -.j rat 'on a~ ~V ay I1Y



0'T ST YPI 11 TN*LDT (14)

6ardwner used LS3C variab~ts tco toiwr ye Tai, ICM, anod SLOT..

Trhon he co~wtined them into the fTol !cwing,. 1.7: 303

A T + ST./ E01 + ST

SM(H-U + 3CMH*- + PA1H + EN1H)(UR/SMD)1

A' + <(B&MIH -ý PflMH + (13MH + 1MM + BRCT)RTS) "3Tl/r143F;

+ ((MRF i MRO + OST + SR tTR)RTS)(QT/HITGF)J (5

Wuhere C1:2-1 -. 2-81

SIM is average manhours to per-form a scheduled
periodic or phased inspection on the srystem.~

SMI is the interval in flying hours betwetn
sche4Aled maintenance inspections

SGMH is average mnanhours to performn a shop bench
check, screening, and fault verification on
a removed FLU or LRU prior 'to initiating
repair actior, or condemining the item.~

P(VIH s average manhours ex<p nde*d in p1 ace oft the
instal led system for preparat on i-wl accrs~-
for the FLU or LRUJ; for xi 14 P
unbu t .on- i nc< r'mow 1~ o 4- t hte r un t as and
h)oc~kaup o+ SU PP or4tt 1i Pme ot

B1H s aver aoe manhci-ws to p ýrcr1 n t r.n lat

1eO el (ba-se sic~p) ýaa n o4~

Pena r 'an v ter i I

o i I ... .'. ... .' . ... \. .



SPCT i i,; aeraqo base repair cycle time in months

RTS fra- tiow of removed FLUS/LRtJs expected to be
rtpAirei at base level

MRF average manhours per failure to co0plete off-
equiprment maintenance records

MRO a~veratqe manhours per fa;hilurre to ccnplete on--
eiuipment maintenance records

6ST average order arnd shipping time in months; The
elapsed time between the initiation of a
request for a serviceable item and its receipt
by AA reques,tbng activity

SR average manhours per failure to conplete
supply transaction records

TR average manhours per failure to cco'plete
transportation transaction forrms

-UR is ttn,&ý peacetime utilization rate per
aircraft (hrs./moo.)

This representation accounts for the time that a system

is actually undergoing preventative and corrective

maintenance fairly wil. The aver;Age logistic'3 de~r>, time

SALDT) portion can be further- develcped, h~never.

From equatic:ns 14 and 15.3

ALDT ( (MRO MRF OST Sk FR> R)'FS) (0T/4fiF) < 16)

!.VSUI t A a it t c 4 t at c O 0 4t tbecause of

h J o U" : eai P is S 1t f a t ct 11r rt u i t Y e It Oýn e

1 Cif.tS, t xe'Y 1, f," i? Vt 4 I~c at > :1,t CI i j- ) 9 fA C t C s ( 0$ SkN - and

-R, -l o -- ~ f:-



station) actions. Further, the record ke*ping functions (MRO

and MRF) are accompIplished any tiToe maintenance is done. This

suggests the followinq equation for ALDT:

ALDT = (MRO + MRF + (OST + SR + TR) NRTS)(O'/MTPF) (17)

At this point, maintenance manhours and supply delays

are accounted for. Still missing are several other delayinq

factors that affect operational availability and lengthen

system downtime. Among them are facility delays (hangar

space, engine run facilities, specialized fuel system repair

bays, ect) and support / test equipment delays (work stands,

fuel bowsers, '.est sets, ect). These delay factors vary by

weapon system and operational concept and are included in

this data list (Appendix B) as subjective estimates only.

There are other factors that could be considered, but these

two are incorporated into ALDT as shown:

ALDT ((MRO ÷ MRF + (OST + SR + TR) NRTS) + FACDEL

+ SEDEL) 'l'/MT'BF) 18)

wh~wev

is the delay factor for,



SEDEL is the de~ay factor for required
support / test equipment

Thus the new equation for Ao is:

Ao = OT + STI/OT + ST

+ ((SHH + BCMH + PAIMH + BMH)(UR/SMI))

S((B(1MH + PIAMH) + (BMH + IMH + BRC7') RTS)(OT/MTBF)

+ ((MRF + MRO + (OST + SR + TR) NRTS)

+ FACDEL + SEDEL)(OT/MTBF)] (19)

A proi• im arises in fitting this equation to CORE F.

When the variable lists are compared, only RTS7 BRCT, and

DFST are co•onon to both CORE F and LSC.As a result, the

variable list for CORE F must be expanded to include the

necessary manhour and logistics delay factors. A logical

place to start is with the maintenance manpower requirements

equat ion:

Y N-
F(Aj) (UR) UJJH4FAC) \(1H)P 1MMPk - (MMHi )(UPA i )I

. (MHFt1P) ('FFAC)
j=1 i=1

M
r(PMH)<URPoP) (EFHFAC)

+ I ----------------- (20)
(MHPMP) (EFF.AC) 7 .



where 110:231

MMPk is the maintenance mnanpower requirement for
operational year, k

PAAk is the primary authorized aircraft per
operational year, k

UP is the peacetime utilization rate per aircraft
(hrs./mto.)

MHPMP is the total available manhours per person
por month

OVHFAC is an overhead factor applied foi- chief of
maintenance and PMEL overhead

EFFAC is an efficiency factor for manhours

Y is the number of 2-digit WUCs (10 thru 99)

M is the number of 2-digit WUCs (01 thru 09)

is an index identifying each 2-digit WUC

0Ni is the number of LRUs within the jth 2-digit
WUC

MtHi is the maintenance manhours per flying hour
for LRU/FLU "i

mmýýI if the maintenance manhours for support and
general WUCs (01 - 09) for the "nith" 2-digit
WUC

QPAi is the quantity of identical LRUs/FLUs per
aircraft

The maintenance manhour factor (M1Hi ) can be r-,stated

i n terms of L.SC manhour var i abi es. B3ecause MtHi iIs expr×essed

in teri-s of manhours per flyinq hour- and the LSC variables

are expressed in average manhours per m- intrnrc(e Action,

th 0 Ij) Uj 4q tI he U~ one V, r L- r I I t o rv f p t MJH I



MF j(~f~pa i g n) I i iA) (21)
FH

SincýTy total maintenance actions ran be cýý,wputed as tiv"

rec ipeocal of MTHM mul t ipl iel by total f kvce flIyi ng hbours,

or 1/7-ýTBtli(TFFik), M'MHi can be restated at~:

(BCMHi + PAM*Hi + BMN1 + IMHi)(1/MTBMli)(TFFHK)
NIH1  (22)

(TFFHk)

This simplifies to:

(BCMHH + PAMHi + S3MHi + IMH1 )

MM~i (23)

By substitution,, tMPk ncw becoimws:

MM~k(PAA)(UR(OVHFtAC)L (MHPVIP)(IEFFAC)

~311 + PAMH~ + BlH1 + 1MH 1

j~=1 i=1V(PAAK)(URO(UVHFAC) 7
+ M-4 f 4M (24)

L (MHPt'P) (EFFAC)j

Scheduled mainrienance m.anhoijirs cann~ot ad need not be

i gnored, St-¶H., tho~ugh, i s a system l eve I ar iah 3A~ hat -f t s

outside the LFJ level iterations:~



MM) (Ak UR) (Ci HFY' C) S MH I
(MHAtIP) (EFFYAU) SM I

[NF Ak) UR) O(VHFACV)

L(MHPMP) (EFFAC)

Y N

L ;- JCVHHi + PtMIHIi -0 BMWi * MW (QF

j=1 i1I

M
(.Ak(UR) (tl.HFAC)I

+ N- V tlHSM (25)
(MHPPIP) (EFFAC) /-

where:

SM! is the interval in flying hours between

scheduled maintenance inspections

Now that the- LSC manhoupr factors haw? been brought into

the CORE F equations, onlY the logisUcs delay factors

remain, They are pres~ented here again f'or clarity:

tlNO manihours. per, failure to complete on-
equipment maintenance records

MRF manhours per failure to complete of+--
equipinen t maintenance recor-ds

SR average manhour-,s per fcallure toc;spUt
suippim', transac tion re)-ords

aver-age manheur s t'o Ccw V 'ee .trnspow j r 3a

tN rsac t iOn or, Ms-

hq-_ o t HR- r _m no '1W a ri n d ro t in a citea ant c i -atcr

__~~~~ E - '



manpower requirements equation just looked at. Assuming that

most record keeping is done as maintenance actions are

completed, and realizing thit maintenance actions oftein

involve more than one LRU or FLU, it follows that MRO and

MRF should be added as follows:

" r(PAAk)(UR)((HFAC) R1H11
MMPk

CL (MHI•PMPN(EFFAF:) I

S( PAAI ) (UR) (OVHFAC)

(MHPtMP)EFFAC)

FZ MRO + MRF

L. MTB1Mjj--I

*BCMjlHi + PAMHi + BMHi + IMH]

•__J ~MTIBMi
,j=I i==t

M

I(PAAk)(UR,)(OVHFACN
+ IlHM] (27)[. (MI --IP) (EFFAC)_-,.

m= 1

To address SR and TR, the pipeline spares equation-, are

presernted. As before;



P~k aZ(F%) ýMkL (STK1 )(UCi)
j=I. i =1

Nj

+ZPFFHk)(G1Aio) NRTSoi oRCT) (CJ (0

Recal I that

STR, = Xt + I .61[Ti ti 9

and tha~t

ti (RTStý(BRCT) + (NRTS1 )(OST)

where ti can also be expressed as:

t (RT'S )(BRcr) 4'NRT'Qi(OST + SR +TR) (29)

SummarY.

At th i pcn sit, thme gvpnded nrput IniSt for- ("ORE F

perrcdl ts ccunpul iit ion of operat ional aval lab 1 ty and l eads t 0

mnod; fle 0d e qu a t !on' Lý t o r 4pýz. "Ii IPshmenr t Sp ai-e a nd mna n t enanIsc e

flfpc4 aIH etmef-n ti mh. s f-P I-ned 1CURE F 1ouý tpf,ýt' "I gvt?

Iq , f oitlti "4v :AI ar;n I Il "t'3 ci and ttAwo (COHE I p ofA I W "



manpower). These input factor.s, together, with CORE F output

/ CORE input values, can be used to derive CORE output -for

use in AAO /Ac ccnparisons between systemns.

A •csn



IV. En.QJs.,41±Qa eVWy"5

This chapter will present a simp ih example of .a CORE F

application. The calculations involve thc modified equations

for maintenance manpower requirements, replenishment spares,

and operational availability. The data is, for the most

part, the same set that Gardner used in his modified LSC

appiication. It comes from the HH-60D Night Hawk program and

represents two alternative avionics packages, as shown in

Table V, made up of radar target acquisition and electronic

countermeasures subsystems.

Table V

The Alternatives

FL9JCTIJ ON WUC PACKAGE A PACKAGE B

'TARGET
ACQUISITIIO. 74 L1"NT I RN AP i- 158

Eatl 76 AP-K9 RM

Pt I cost valuen (LC ) are those Utnat were normal ized to

O fSltkan t year .. Ial u*es by Gardn er- in hn t ,- earI i er e fl or'

1 ? 40 1.

t t c c u a I o ' ) 'IF, tie pe rt +? r



stock levels (STK) for the operational year, k, Ort this

case year 7 is arbitrarilIy chosen) and for the pre'vious

year 9 V-i (year 6). (See Table VI.)

Table VI

Stock Level Results

PACKAGE s PACKAGE B
Ls-WTIRN APR-39 APQ--158 ALR-46

STVi 7 2 7 2 "
STKi kl 7 2 7 2 "

The next step is to determine tne additional pipeline

spares req~iroment +or package A by computing piprlini

spares cost for years 6 and 7 (PSk-j and PSI() and then

subtrac•tý-•• the difýFerence to get APSk. The same is done for

package BS (Slee Tabh V!I.)

Table VI!

Pipe ine Spares Re sults $t/yr)

LflNTIRtI / OR-<32 4'-N 4

J 9

S.... .• ,'-' -"I



Sr:ie •ims tations in the data base should be high i~qhted

at thiS point. The equation for A1 calls for mean time

between demands in the denominator. MTtHM, ar mean time

between maintenance is used instead, with the understanding

that MTBD and MTW differ in that on equipment maintenance

does not nucess.,Frily geenr-ate a deff.,-id on the supply system.

This i., turn forces :he assumption that no on-equipment

mat te.o, -:* is going to occur.

Anoter, more serious limitation is that the data set

treats cvact' system (LANTIRNv APQ-158, ect) as a single LRU.

Additionally, there is no SRU data to reflect the cost oa- in

shop spares (circuit cards and other *bits and pieces'). As

a result, Fj (the SRU spares -actor) is set vquaý to 1.

Fuwther., with each work unit code having only one LRU in the

calculations. re•eated iterations for multiple LRUs become

unnecessary. The :.ovantaoje of this is that data collection

and calculatin.ns. w*re simpL:fied considerably a;,d hence, did

not distract . the research. The disadvantage of course,

is a i -4:wed d :rtj.t from the real world of multiple LRU

systems and coUy SRU stocks.

The next task is to calculati, replenishment spaces

(R%$ This means swr~ninp up pip. s pA7-es '

condemn atii kpzrqý-~ (those tht~ t (:)~ uist.-:~a r

on 4m 4-10 0 a VI i if,- 4 p, el 1 1 f) ~e

clyil e p ki pmt it ý'ý r s 0 - 1: e- (I ý'



stpares, and repi1acemon t su~por -t equipme'nt spart4 ;. Vh IS

calculation is suwearized in Table VfIIL

TAble VIII

Replenishumint Spares (/yr

PACKAGE A PACKAGE B3

RSk 1z;OOOOOOC 204,013,03O

fli this exampi , A?,SNk mid CSNik se t ~ulto zero

for simpl ici ty's sakes ?SESk and TESI( are also zero since,

the,' do noct becane ac t ive var i ables un tilI yktar e ight L-:20?.4

Finally, RSFWN is ccr'tputed as show~n in Ta:b~e IX..

Vabl e IX

Replenishment Spa~res1 Flying Hour Fasults (S./fhY

RS'" rc4 1388 21?S9 1&

Thle nex t Stu U-S U W e;t)flS re to

i(s p -eer s sI K 18 . & FIr t h r

V*ei'4 &t'?-, k o;fp . t <&n¾6 iA.



STa b Ie X

w I ,

Maineance Manp 'er Re,,:iu11: 4s

PACKAGE A PACKAGE B

23 20

Next, the officer, airman, civi I ian breakdoý,in s•

coflpU.eda In each case 11 Pk is mu I{ip lied by. a percentagle

factor. Then che requirement for each cateyory is VLV Itiph i'd

by the average pay per year (F66 and F6& input factors in

AFR 173-13) to get manorp<er costs.. Note that it the

subsystem level &ll manpower is qnlsted WMXCY X'k in

terms of CORE factors is: (F71 + F74.•(F67). (S•e ablae XI..

T I'bit XI

Maintenance Manpc,,wer Ccsti $/r

SPACIk t& "a r%%.tKfIAE t

4. ~ f I ft I !;) ~ A

a

IF.

'M<>



proaduct o+ the sutrsy¶•>.tef avai abiit ties (7-801- This renul t

Tai s e X I I T a I 'I

Operational Avadlabil i ty Resul t.;" 0

Lin t i rn .47
APR-39 .89

PACKAGE A .41

APQ-158 .51
ALR-46 .91.

PACKAGE S .47

If we think care+uliy and extrapolate to a weapon

system ttiat ý"s made up o+ numerous subsystems, trouble

beccwoes ap ar vnt. As more subsystem availabil i ty +igures are

gI tipi ied t:ogether, th# result resembles more and more a

serie,. revl eabi I i t>y caonputation. The weapon systemi"

avaiab i ity figure is ... ven to an appafl ingiy low h. 'el

The ijp1 icakon is that if ,,e are *o enjoy high system

avai 1abil i tv;•s w4e must haks: extremelv high subsystem

a I rb i i Vie K (Xt shoo d be noted that the availabi I i t i es

eý X 1 I .re , I k<e thep cost re 1 at m t'c f4 gure

s .ioi v ya sot 4.-pur. uset 'Ihee woe I I hP 'cIn

Yi



Finally, the RSFHk and .ieCk cost data are input to the

CORE Model itself to calculate rt lenishmeat spares and

aircraft maintenance manpower

costs. For replenishment spares the algorithm 4rorn AFR 173-

13 is:

(FI) (F3) (F40)

where:

FI is the number of aircraft (PfA)

F3 is flying hours per PAA per year
( FH/PAAY'R )

F40 is replenishment spares cost per flying
hour (RSFH), ;n this case computed using
the' CORE F moJel

This algorithm, of course, ca~culates RSR9

The maintenance manpower algorithms of interest are

S[~20:108)

(F70(F6,6) (F7l)(FS/)

andc

(F73)(F6s6) + (F74)(F67)

oj tie r,

F'? 0 e Vnmer oif r;$ f Cr -s' uiId
t td I výýe 2f Il at



t6

F6 eis averaqe offic er pay

F71 is the number o4 enlisted per.;onnel
assigned to organizational level
maintenance

F67 is average eni isted pay

F73 is the number of officers assigned to
intermediate level maintenance

F74 is the number of enlisted personnel
assigned to intermediate level
maintenance

Since F70 and F73 equal zero in this case, the

equations reduce to:

(F71 + F74)(F67)

which equals AMXCR already conputed in CORE F. Hence, "the

summarized cost data is given in lable XIII.

Sii

Sl .

1 "

I Q .0



Table XIIH

Sunanary Cost/Ao Data

PACKAGE A PACKAGE B

rep1lnishment spares 130,000,000 204,010,000

maintenance manpower 315,721 274,540

total cost ($/Yr) If 4315,721 204,284,540

oporation6l 'waiiability .41 .47

The preceding cost/availability data forms the basl-s

for program managers' decisions concerning design tr&deoffs.

With it, the PH can compare costs and availability rates and

can choose either the more available subsystem or, the least

cost '• y.



S
V.Fiodinq~s and Conclusions

The purpose o-f this research was twofold; to

investigate thi? usefulness of operational avai labWii ty as a

surrogate for supportability, and to determine whether or re

not a life cycle cost model using the CAIG approved cost

element structure could be modified to include operational

availability as an output. In so doing, supportability could

be examined together with cost as competing design

configurations are evaluated.

The -first research question was pursued by performing a

literature review of DOD and non railhtary documents to find

support for operational availability as a supportability

surrogate. That review found that operational avai labi Ity

is generally considered one of several terim th ;Jt can

represent weapon system suppor0tabili t>'. DOD G ",, 17ive

5000 .39 is most clear on this i, -vipr. .a, ion. Muhr d

Cor n er, alIso dr -w I i re c t I inroks- betofý i' tab i Ii tx 'm

avai labil ity

The second re.searct h c e, t i n cJ I:

e -ifor t, Tb e USAF COU zz m:- ,Jel c to FL-, c. k f)d i d a e

m)o d i 4 : atf i (:) t o i nc I kidCe Wo~ p e a

A
theP i a ak ci se.a ed by ot vr



of CORE F's equ ations I:or rep! enishm.ent s.ares iý )d

main tenance manpo.wer permi t ted an expanded vat i able I i ^7;t to

support the equttion for tcperat ional av-i labi I i ty,.

Concurrent with thi s effort, the transform that Gardne-"

developed for operationAl availability was exami;,ed and

changed in two w•.ays. The average logistics delay time

socsent e*>presses, off bas,? requisition delays dinferently

and is expandod ".o include de,,a-s +or facilities arid support

equipmeot in an efrort to mo-e clsel7 approximate the

operat f onal en, i r onme n t.

Fi ndinigs

This resýea'ch led to two finrc5n;s. Th,, frst foil a.o

from the l i terature review and val da.ted ciperatianai

avai~abi I it ty as a 5urrogate for supportabi I i ty

The second finding was that the CORE model, through

CORE F, can calculate operational availability in addition

to cost.

C I u s one.

l)hf, ee, Conc CI t on S at, i o trtxi ) he se f+ nd i i r s. The' + r-s t

con: us ion, decc veci trom . thrme + ildt nqs. is that COR

tht



subsystem level. This is consistent with DOD directives

which emphasize supportability along with cost, schedule, 0

and performance.

The second conclusion follows fron the first. Because 7

CORE and CORE F use the CAIG approved cost element

structures, they should be useable in support of DSARC

decisions concerning both'cost and supportability.

The last conclusion sunmvarizes this research and

supports Gardner's earlier effort. As he found in the case

of the LSC model, a modified LCC model allows the program

manager to evaluate cost and availability and take both into

z,ccourt in his decision making. He can seek to maximize

avuiiability subject to cost constraints or he can minimize

cost aod evaluate the ;rotential impact on availability.

Rei, 'cngivienenj '~n s

The reccwpnendat ions that follow are a diret-t outgrowth

o+ this renearch and ai'e of-fered iii the hope of increasing

the visibi lity A- uppgcvttabiln ) factors in futlure

VIN,- t r-;t re~comvnendat or) U'hat ciý at i ¼nal

-ý.v i I atb i I it2 x be rtccrpor a. ted i to COIfl{F a I Ct)?kt F` &s,' sihtns4, -

A-~ lte ?4r 1v qI at.&, it; k00 ~d < rtfi ýho'vqht (4

i I



Second, as Gardner and so many others have noted. tqual

emphasis must be placed on cost, schedule, performance, and

supportability. With all its attenidant difficulties, this

approach is the only one that insures a weapon system that

can do its job outside the laboratory.

As a last note, Gardner's proposal that availability

replace supportability in DOD directives finds no reai

agreement here. There are several ways to measure

supportability; availability is just one of them. More

research needs to be done before other measures are

rejected.

Areas _of uture Research

Both this effort and Gardner's addres'sed methodology

concerns. Now that CORE has been shown capable of

calculating availability, it remains to future researchers

to refine this methodcoogy and apply it to more

coinpreitensive data bases in order to val idate its uti'i i ty,

This research does not include any risk asses.,-sment.

Fu ture w•rk in this areA would lernd considerable credence to

the methodotoJ>'.

Further inr en tigatitýc n ýnto ( er age Legistics 1)el a>' Vime

(flL(Yt) as left ed in the tiper ational Avai I An ity e£quý 1.oll



like FACDEL and SEDEL. Already implicit in those factors, as

pr'esented here, is the potential of faci 1 ities and

support/test equipment delays to drive availability down if

facilities and equipment are scarce and a queue sho"Jld -form.

Another approach might he to attack the fundamental

weakness of logistics models in general. Logistics planning

factors, some of which are imbedded in this data list, are

often suspect and may or may not be :,ccurate. The data

problem is not trivial. Inaccurate r lanning factors in World

War II contributed to shortages in POL, amnunition, cold

weather gear, and other essentials in the European Theater

in the late suwnuer and fall of 1944. 7his, together with

other logistics difficulties, led to an allied halt just

short of the German frontier ýn ¶2eptmber [18:16]. B.H.

LiUJdel Hart conmments con this .ailurf to keep moving in his

Histor oRf. the Second World UAir;

The price that the Allied Armies paid for the
missed opportunity in early September was veiy heavy.
Out of three quartevs cf a. million casualiiis whinh
they suffered in libei-~tinq Western Europe, half a
million were af ter thoir September chec•:. rhe cost to
tile world( was fiuch wCSe -- -1i I I i ons of me.r iiaPovii'no

di ed by mi I vary act ~oliknd ir f' he concreim tra ie Cj'
of tho Germians•wi ih :he extension of the wAr,. Ibreover,
in the l oger, term, n Sep ,rmber the Ro.•ssi n t I d , iAd
not Ye t Pelleti, at-d i n Cen tralIF ur pe k- 3

were nvý- e0

F ~~ oA r c e o ~~tr n~i 21 ~ ~ 4



Sannning factors are perhaps no better than they were ini World

War- 1 1(6: 2]

Thnse factops cover a broad spectrum of logistics planning

and dec:ision mating of which cost analysis is only a part. the

implications of inaccurate planning factors are sobering.

Future research night examine selected factors in an attempt

to verify their accur-acy.

al

2I. 4"t~k AE f . AlA.A.~ t ~ ZanAASttVrtA Aft. tO~A~~,=~



APPENDIX A: Variable List

ALDT is av•i'age logistics delay time

APSk is the additional (deltax) pipeline
spares cost needed to support the
increased number of aircrcft and the
increased flying hour program associated
with weapron system phase-in

APSNk< is the additional pipeline spares cost
(APSk) for non-stock listed "NW items

APSSk ia the additional pipeline spares. cost
(APSk) for stock listed 'S' items

BCMN; is average manhours to perforn * shop
bench checX, screening, and fault
veriiication on a removed FLU or LRU
prior to initiating repair action or
condemning the item.

BtIH is average manhqurs to perform
intermu•w•tc c'•' (base .rhop)
maintenance on a removed FLU or LRU
including f,-uilt isolation, repair, and
ver i f i cat i on

SRCT is the standard base repair cycle time
in months

CSESk is the annual cost for cmnmon supoort
cquipp.ient &spares

CSNk is the annual condemnation spares cost
for non-sock ' isted H" i tehts

-&Sk Ss the nnual conderx':nation spares cost
+or stock l isted "P" titns

LPRQ'T is the stardar I depot repai,- cycle time
in mor•oths•

a_4 hfci CI c>'r -iac tor tor. ~ # u-2

y, P ~ ct at, tor- " or'i'<



F. ii t-ý the faactor used to caI cu I ate SRU (shop

replaceable uni t) pipel ine spares. dolI •,'r
reqjiir'einents f or, the jth 2--diqit WUC

is the index iden'atifying each X.RU

IMH is average manhours to perform correct iye
mair•tenance of the FLU or LRU in place on
liine without removal including fault
isolation, repair and isolation

j is afi index identifying each 2-digit WUC

m is the number o- 2-digit WUCs
(01 thru 09)

MHPP is the total available manhours per
person per month

Mk is the number of active bases for each
operational year, k

MMHi is the maintenance manhours per flying
hour for LRU/FLU "i"

tMHM is the maintepance manhours 'for L.Opcrt
and general WUCs (U. - 09) for the 'mth M

2-digit tJUC

!!•:PPk is the maintenance manpower requirement
fur operational year, k

MRF average manhourz; per {7aiiurp to complete
o+f-equipment m-ý- tenance records

MRO average manh4utrs per ofailure to cmplete
on-equipment maintenanq(e rezord-,

MTBUi is the mean time bettween demands in
I yi nq hours for the i th LRU

N j is the nurnber of i ýdividual LRUs within
the ith 2 -iii git work tinit co•de (WLUC

Nvr? is thefr:t "r'Vf& the i t f. UUremya'
nct rep,:Ar ýbW , at b2,?e lvte1

st e S < eif It. (i Sh i 0 .4 ir-
mcm~~f t h~



OT i s op erat ion-al I 1 me

01" ýHFAC ýs an ovser-heac1 -factor, applIited -For chicet

of ma in'L-erance anid PMEL overhead

P4AY ~is the- primary authorized aircr~a~t pý.r
operational year, k

PAPUA isý average ma~nours expendeo in place ori
the installed system for preparation andl
access for the FLU or LRU; -for example,
jacking, unbuttoning, removal of other
units arod hookup of support equipment.

PFFHi< is peak monthly force flying hours
in operational ),ear, K

Psk ~ is total cumrulative- pipeline sparerý cost
per operational ye,*Ar, k

PSESR is the am us! cost of pecul iar support
equilpment sparesA

OPAi is the quantity of identical LRUs/FLUs
per aircra-ft

RPLSESk is the annjial cz,ýýst for replacement
support equipment spares

RTS- f rac.tiona of' removed i th FL.Us/LRL~s
expected to oe repairedl at base leve.,

SELYCL`J is the delay factor' for, requiredp
support /` test equipment

SM Av-er~age -manhours to per form a
schedul1ed per iodi c or, phased inospectIi on
on the ssea

I ~ : ie th in toiva1 in ti ;-i nc lqour-; between
s"cheduled maintenance inspectlions

Pe rcaqo ipaobhour-s per ai l ur e to comp ietIe

';np ; t'a$3ct IoneMed



v~ 2rI-1IU AJ c + , r t.r &af in P tac Frpt

5..

tT he F tC -A o' i 7 y> n o3 :.-cta's p er,

op r atq- on i year k cm4a i'k I de ve irýd

I 2tA pr fs, ta v!-rIvat ye aa 4Ai fIt fn an ce t. I m~

aR ver I, ge, n- m•hc)U'! pet' Per- ureý. to Ccf-w4p1 tI:A
I, rin spar' t at ion txi, n s ac t ion f: orip~i

Ut> i F t110eC csurn I at kv e ak'rrqa c :n r t " rouc t ior,
c ost. ofr the 6 th ,.RU

RU iN thet p accetirme U ti iiz;tpon r te per -
aircraft (hrs./mov

Y Iis the avvnmher oi 2-.digi t WUCs
10 h 9)

a$ 'iu.Vt* tt ~ k. Y..t~~~l~~ + ~~l~r- lIIi AIk~tI*.<



4 F'l is khe number of aio'cra. *& (fPAý4)

F,3 is flIng hcurwr per PM. per /ear'

V`.0 i,•s replenishment sparpc., cost per Flying
how,' (RSFH), in this case computed using

F70 is the numb,,w oi` oificqers assigned to

organiizationa, level maintenance

F66 is average P-oficer pay

F71 is £,.e number of enl isted personnel
assignrd to OrFgarliz:tJo'nal level
mairn tenance

F67 is average en Iisttid pay

F7 3 is the number of officers assigned to
intermediate level maintenance

F'74 .s, the number of eni isted personnel
assiqnedit to intermediate 1evel



APPENDIX 8O ngtY n

PACKAGE A

VARIAftLE NAMIE LANTIRN APR-39

Pj 201 201

UR 38.8 hrs,/mo 38.8 hrs/mo

' OVHFAC 1.120 1.120

MHPMP 145.200 145.200

EFFAC 0.600 0.600

SMI.1 0 0

SfI 0 0

MRO .08 hr .08 hr

MRF .24 hr .24 hr

BUMHi 1.3 hr .4 hr

PA1Hi .087 hr .07833 hr

Im* i 2.6 for 1.2 hr

IMHi 1.6255 hr 2.7 hr

MTý -1,i 29 hrsf 249 hrs

OPA !

SrtlHff 0 0

Mk 24 (r ) 24 (rr 7)

' yr 6) £2 ('



,Uc. 163,482.65 7473.49

PFFHk 7920 hr. (yr" 7) 7920 hr-s (yr Z )

7270 hr's (yr 6) 7270 hrs (yr 6)

""" NRTs .27 .05

DRCT 2. 6 3 mw 2.03 mo

KrBo i .....

RTS i70 .92

BRCT .33 mo .33 mo

OST .394 mo .394 mo

SR .0003472 mo .0003472 mo

TR .0002222 mo .000222? mo

OT $30 hrs 80 hrs

ST '526 hr's 526 hrs

FACDEL ** 3.0 hrs .3.0 hrs

S? SEDEL ** 1.0 hrs 1.0 hrs

"" TFFH 93,660 93,660

C Cck1D4  .120t57 .51

Fk



PACKAGE kl

VAIPABLE NAME APO-158 ALR-46

PAAk 201 201

UR 38.8 hrs/mo 38.8 hrs/mo

OVHFAC 1.120 1.120

MHPMP 145.200 145.200

EFFAC 0.6C0 0.600

SHP 0 0

SIt 0 0

MRO .08 hr .08 hr

MRF .24 hr ,24 h;

MTij ---

8C(Hi 2.3 hr .9, hr

PFVMH .8 hr .5 hr

1JIHi 1.6 nr 1.5 hr

IMHi 1.4 hr .85 hr

MFBIi 35 hrs 325 hrs

QPA i I I

tmIHm 0 0

Fj...

El: 24 (yr 7) 24 <yr 74

22 ( ''+... .}



U * 249,77 1 1-s'% )5/5 .21

PFFHK 7920 hrs~ (Nyr 7) 79ý,20 hrs tyr)

7270 hrs (yr 6) 727ý) hrs C'Yr A)

NR1S i.345 .15

MRl* 2. 83 ia 2 .83 flot

MT80i--

RTS1  .4s0 180

BRCT .33 mo .33 mo

091 .394 mo .394 mc

SR .0003472 mo .0003472 ma

TR .0002222 mo .0002222 imo

OT 80 hr~s 80 hrs

ST 526 hrs 526 hrs

FACDEL **3.0 hrs 3.0 hi-s

SEDEL **1.0 hi-s 1.0 hi-s

'TFH P3,660 h;-s 93,660 hi-s

COND. .16 .40

Fk



*Nos-mal ized coist~ data (UCI~ from~ An Exani nat ion of Optr tj on a

**Subjeztive Estimates

All other data is~ from _,pndi B An minatiqin of er~t ional
AvJ Ls I L~ifS. gycl~l Cgs Models f.7:63J, ..nd IERM Report 83-
LCCI-2A [Ell



r.PPENJDIX C.: Etuqatiogn List.

Equations 7 and 28: Mearo Demand Rate pet' Base

- (PFFHk)(QPAi)

(MR)(MTBDi) (7)

ti (RTS1 )CBRCT) + NRTSi)OST + SR + TR) (28)

Equation 9: Spares Stockaqe LevelI For LRU i (Includes Safety
S3tock)

STKi Xit- + 1 .6Jxit (19)

Equation 10- Pipeline Spares

'4 ie S-T'K ){UC )

FJpeat i ontI! 'fear k5



Equation i2.,ý Feplenishmenxý Spares per Operatwv,,-~,ý Year

11-4- "1 1 K K
RSk APSSk :,APSNk + : Sk+ :CN+ PSESk

Kw-I k3 k1ck3 k=H+1I

K H K
+:c'sESw + ! TESk *:RPLSI (2
k=1 k=H+1 k=1

Equation 13: Replenishment Spares per Flying Houjr

RSk,
RSFH k

TFFHk (13)

Eqiuation 4: Operational Availability

Ao OT+ST

OTt ST+TPM+TrC!+ALnT (4)

Equation i9ý. The Expanded Version of Operational Avai lanKii tx

0c oT sr/LO(.T r

+~~~ýF (+ 4H4L~H1 i 4AF1 + BMWhH iJR,/SJ I

+ BCM[1 PAI'VIW EOM 4-IH -MIA *WNT) RTS ) ( OT,/NI'T'FI)

< (MRF MR, ~ 0r R, + R) RT VP cu .MTi3r:



Equat ion 27: Ma~ ii enartce Manpower for Operat ional Year, k

L (P~Ak)(lJR)(OVHFAC) 
SM1H

(MHPMIP) ( EFFAC) smIL (FYAwk) (UR)(OVHFAC)

(MHPMP) (EFFAC)

MRO +. MRF

Y Nj 1-7'7'BCAj PAt1Hi B tl'Hi 4- I

L~ L~ M1BM 3

rU-)~k)(UR)(0QVHFAC) 7]

+ L7 H P7~ 11 (27)

(MIP(EFC



APPENDIX ": Calculations For %±jlenishment Spare;

PACKAGE A:

"Lan t i n

ti = (.70)(.33) + (.27)(.394 + .0003472 + 0092222)

.231 + .1065337

.3375337

S== 7920)U) 1 .37931
(24) (29)

STK; = (11.37931)(.3375337)
+ I ý , ( 1733 .3375337)

+ 1, 6 '/(11 .37931 )(.3375337')

- 3Jt0409007 + 3.1357146

- 6.,,66153

which rounds to:

•{ STKi = 7'

Xi k-i (7270)(1) = 11.39%4984
(22) (29)

k (-11 394984)(.33,.533,7)

* I .6 , /JlY3949134) ( .33'75337)-,

Zr 3.846tQ12 + 3 t3/.8Z734

k at



APR-39:

ti= (.92) .33) + (.05)(.394 + .0003472 + .0002222)

= .3036 + .0197285

= .3233285

S= LZO)(1) = 1.3253012
(24)(249)

STKi = (i.3253012)(.3233285)

+ 1.6 V(I.3253012)(.3233285)

= .4285076 + 1.0473679

= 1.4758756
p

which rounds to:

STK* =2

Xi k-I = (7270)(<I = 1.:271267
(22)(249)

STKi d-1 = (1.3271267)(.3233285)

+ 1.6, V•1271267)(.3233295)

= .4290979 + 1.048080-

= 1.4771869

which ioupds to:

"k--i



*1

+ (24) (2) (7,473A,494"

(29)

+ U(7920)U) .5) 24.83) (7,473.49)
(249)

= 61,972,738

= 11(22)(7)(163,,482.65)

+ (22)(2)(7,473.49)l

_+_.Z Z•<..S.2Z_. 2. ( 1 63,482.65)
L •(29)

+ (7270)(1)(.05) (2._.j .(7,473.49)

= 56,851,460

APSk = 61,972,738 - 56,851,460

= 5,121,278

V'4i



V• • , ; T ...' rr w ".... ... ' r w r9. ; • , •w:•• - 'r- r--• -: •# • • c: • • •... • -Q ".•-7 - ,• • • • -. - ; ,-.. -

i-i- I -÷ , K K K
FRSt : APSSK + :APSNk ÷CSSk + : CSNk + : F S-SK

k=-1 k=3 k=3 krH4 1.

K H K
+ : CSESK + '+ :-TSk 'R QPLSESk

k=1 k=H I1 k-I

where

n
is a notation that identifies for each x r- I:,

k=1 the cost elements that are to be added.

H is tWe last year of production.

K is the end of operati,'nal liite.

I is the first year of deploymnent.

k index for operational year.

APSSSk = APSk = 5,121,278

APSN•k - 0

"SSk ie

Y Nj

7 ~(TFFHk)(OP~i)cNDi + CDNPi)(UCi)(Fk)

(KTBDiV)

(J( 29)

(249)

Si•2,4J 70,000

S.IS ... - 03c ( h AwSty and, C-:"4et 4•r ... t at ',ero to

P i ; -', cgrŽ-Iy zrttl'v in -t



CSiE'3kr CC SEk G23:FAbC'p, 2. 4Sl .04) i 0724 in 2 1

RPLSE%,:f RPL-SER< (RPLF"AL) *A1t3(A. 42) .0044746 tli 1

4.746

RSk Y. 2279) + (0) + 4-~7,0& ((1) + 0)

+ ')7240) (0) < 4,746.

=130.,OOO,0O0

R'k RSk/'TFrH 13JO 0/?60 $136a/FH



t ( 60)(fl3, + (.35)(.394 + .0003472 + .0002222)

= .I9S + .1380f,3

i -. ••ZZQ•, 2 9. 9.4285714
< 24)< 35•

•TI( = (9.428T57i4)(.3360993)

+ 1..6 "C(4.428s714)(.3360993)

- 3.16893,63 + 2.848241

- 6.0171773

which rounds to:

IIIK i = 7

Sk-i 7270)(1) = 9.o4015584
(22)(35)

STK = (51.44155684)(.360993)
ik-Il

* 1 649.4415584)( .3360 993)

3.1733012 t 2.8502019

6 ,02:25031

cbhith rounds to:

, w



AL.R---46.

ti = (.80)(.33) + (.15)(.394 + .0002472 + .0002222)

= .264 + .0591854

= .3231854

(792)(1) 1.0153846
(24)(3.

ST. = (1.0153846)(.3231854)

+ 1.6 1o.0153846)(.3231854)

= .328:1575 + .9165605

= 1 .244718

which rounds to:

STKi = 2

Xi k-I = (7270)()I. 1.0167832
(22) (325)

STK = (1.0167832)(.3231854)

+ R.6 fI.9ý167832)(.3231854)

= .3286095 + .9171915

= 1.245800

which rounds to:



PSk 1 [(24)(7)(249,771)

+ (24)(2)(15,575.21 )i -

+(7920 (.t(-35)(263-)f ( 249, 771)

.( (7920) ( .1) (283)( 15, .5-5 21 )' 'o

98,852,933

•9 k 1D PSKI - 1 [(22) (7) (249, 771) :

+ (22)(2)(15,575.21)]

+1 GY70) () ( 35) (.83)(2499 771)L• (35)•.

+ 7270)(I)(.15_)(2.,N•3)(j5,575.21)

S910,686,076 1
APSw 98,852,933 -90,68,6,0761

8,166,857

hI

I

4



.�_..�j§•0))•1 .16) 249_771 ) (1.8)
(35)

(325)

,= 1S5,730J,00O

R•Sk =(81.66157) + (0) + (125,730,000) + (0)

- (0) + (107,240) + (0) + (4,746)

204,010,000

RSFHk 204,010,000/93,660 = $2178.16/FH
r._- _ _- _-_- _-

I
[



PP A:

Lantirr. / APR&39N

L. (14V5.200)(0..60)

j Oy +_l + 4 '1~

(29) (243)

+ <.4) + (.0;ý933) + L2
(249)

-(100.'2610U6) L(.0123196) + ( 9Z3-21345) (,1587

-' (10l?'6006)(.~223437c3)

rv22.40 l887

whi~ck[ ururlr~id to-.

OFFXCk 'LiFftA )(MIlPk) (.02Ž(23)

("V[lWc) ýr( (t 9"* MM

JIM! (Ž0 1



(0) + (2+ K (0mC)

Note that the c r4 act ~u ton ii,; rounded dcic'n to 0, li we

ruv nningc ci' nts f-ar- ald HH-6 a''i ov ic :- se ~z iexpe ±ct to

see a nuzrnbtv- t ?t1t than 1. to akccount ia oi cr martin infb at

Y ~ kve '.02 1 iiwi m&'onc J-ncrInten anlce branch in. an

n t-~:'c; at ~~ m -n t.nt q uadr on). I n such -r case wie? wc.AUj I

'vt o t . iiu d dciwan



PACKA3E 8

APQ--158 / ALR-46:

I#I*Pk = [(20)Q(?8.•)(1.•,O) (0)

L(145.200) (0.6CU

L (145.200)(0.60)

08 + .24 + .08 + .24
LL (35) (325) 3

L (2, + (.8) + (1.6) + 4)L•A
(35)

+ .L.) + (.5) LL+A(t1.5).L +1)j1
(325) J

F O.1)( 3 8.8 )( 1 . 2 0 ) (0
+ L (145.200)(.60)

= (100.26006) [(.0101275) + (.1742857) + (.0115385)]

= (100.26006)(.t959517)

19.646125

which rounds to:

MIPk =20

OFFXCk = (.02)(20) = .40

•IXCK:'..99)(20) !Y.•6

"CMXCk = (0)(2O) 0

-I".CK , 3 r (20)(13727) + 0

2- /75540



*IXCk corresponds to #actors F71, F74, and F67 of the USAF CORE

Model given in AFR 173-13. The Ie~atio•9:hhip is:

"AMXCK, (F71 - F74)(F67)

where:

F71 is organizational enlisted manpcwer

F74 is intermediate enl isted manpower

F67 enlisted pay



APPENDIX F: CaJculations For Operati nal Avai labi ity

PACKAGE A:

Lan t i rnr:

Ao = (80 + 526)/(80 + 526) + (0 + 1.3 + .087 + 2.6)0

S+ . + .087) + (2.6 + 1.6255 + 237.6).70 ,80/29)

+ f(.24 + .08) + (.25 + .16 + 283.68).27]

+ 3.0 + 1.01 (80/29)

606 + 0 + 470.79959 + 223.51531

1300.3149

..466041

APR--39:

(80 + 526)/(e0 + 526) •(0 + 0.4 + .07833 + 1.2)01
-(.4 +.07833) .- (1.2 + 2.7 + 237.6).921 (80/249)

[ (L. 2 4 + .08) + \.25 + .16 + 283.6183 U51L

+3.0 ÷+ IA6 (80/249)

. 606
606 + 0 + 71V536•53 5.9516466

606
6 Z3. 49846

v

F O

P



PACKAGE 8:

APO- 158 :

A0 = 52 + 526)/(80 5 526) ,(0 o 2.3 + .8 + 1•6)0

[(2.3 + .8) + (1.6 + 1.4 + 237.6).60 (80/35)

+[.24 + .08) + ( .25 + .16 + 283.68).3!5]

3.0 + 1.oi (80/35)

606 + 0 + 337.05143 + 237.14629

S= 606
1180.1977

= .5134733

ALR-46:

Ao = (O0 + 526)/(80 + 526) + (0 + .9 + .5 + 1.5)0

+ [.9 + .5) + <.5 + 85 + 237.6).8 (80/325)

+ F.24 + .08) + k.25 + .I + 283,68Y)151

+ 3.0 + 1.0] (80/325)

= ___ 606
606 + 0 + 47. 56308 3 1 t /55 202

66Z. 14917

S=- .?1I10738



Again, trýeating the avai IabilIi ýies. of twop subsy-stemw, are

-inciepcncient events, the opac~kage avai labi I ities are calcu!akt'Zc as

products of the u.,ubsy-%tem availabil itips.

F6ýK§ A:

(.4,66041) .886628) =.413205

(.5134733)(.911O738) .4678121
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UNCLASSIFTED

SCUPRITY CLAS3IJtCA1 ION Oif rmIS oAGG

In recent years, interest in weapon system support:ability
has grown tremendously. Coupled with this is a complementary
emphasis on life cycle cost analysis. Both arise from a concern
that weapon system ownership costs are extraordinarily high and
that improved understanding of supportability issues and their
effect on life cycle costs can result not only in dollar savings,
but in increased system readinese and capability. Tlese considera-

tions led to development of a methodology for ccmpa+:ing ownership
costs and supportability that enables Program Managers to more
easily evaluate design tradeoffs. The methodology involves use
of a modified life cycle cost model that yields as outputs both
relative cost and supportability, where operational availability
acts as a measurable surrogate for suppottability. The modified
modal ases the DOD's CAIG approved cost element structures for
aircraft in an attempt to use cost/availability output in support
of'.Defense Acquisition Review Council (DSARC) wilestones. The
methodology is applied to a sample data base from the EI-60D
program.
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